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In the marketing of oysters the raw shucking trade is of greatest 
importance both as regards the quantity of oysters handled and 
number of persons employed. The present studies deal primarily 
with this phase of the industry and particularly with the operations 
known as shucking, whereby the oyster is opened and the meat 
removed. Shucking is an expensive process, involving consider-
able labor and skill and is a significant factor in determining the 
physical, chemical, and sanitary condition of the final product. 
The practice of opening oysters and shipping their meats in water-
tight containers began, according to Ingersoll (1881), in New Haven, 
Conn., over a century ago. In the early clays the opening was 
done by the townspeople in their homes and the meats packed by 
dealers in little wooden kegs or square tin cans for shipment to dis-
tant points under the protection of ice. Special houses for shuck-
ing and packing oysters were soon constructed at the wharves or on 
barges, and this phase of the industry grew rapidly as greater 
facilities for distribution became available through railroad develop-
ment. 
At the present time approximately 60 per cent of oysters pro-
duced for the fresh trade are shucked before marketing. The total 
quantity of oysters marketed raw amounts annually to nearly 
5,500,000 gallons for which it is estimated . over $1,500,000 are ex-
pended each year for shucking alone. The price paid for shuck-
ing a gallon of oyster meats varies somewhat according to locality. 
In the Middle and North Atlantic States the expense of shucking 
has varied in the last 10 years from 25 to 40 cents per gallon while 
during the past season 30 cents per gallon has been paid. In the 
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South Atlantic region the shuckers receive from 25 to 40 cents per 
gallon according to the size of oysters handled. 
In producing and marketing a crop of oysters the expense of shuck-
ing usually exceeds the cost of all other operations such as shelling, 
transplanting, dredging, etc. Through experience and study the 
oyster growers have clevelopec~ efficient methods and equipment 
whereby the costs of cultural operations have been greatly reduced. 
There is need of similar improvements in respect to shucking in order 
that the producer and packer may prepare this sea food for market 
with less labor and expense. 
The first shucking operations in this country of which we have 
record were those of the American Indians who employed fire and 
tools carved from stone for this purpose (Ingersoll, 1881). In colo-
nial times metal knives of various types were used, and it is perhaps 
significant in connection with the present studies to note that _p_resent-
day_sl:mcking methods are essentially the same as they were over 200 
years ago. Oyster shuckers now employ several slightly different 
styles of knives for opening the shell and severing the muscle at its 
point of attachment to each valve. Some first break off the "bill " 
or tip of the shell with a small hammer, insert the knife into the 
opening thus made and cut the large muscle holding the valves 
together. Others merely force the knife by steady pressure between 
the shells at the tip or the side. These operations require consider-
able strength and skill and unless clone carefully may result in serious 
injury to the oyster meat, reduce its market value, and cause con-
siderable loss of solids and important nutritional elements. Opera-
tors of shucking plants estimate that from 5 to 10 per cent of the 
meats are injured or cut up as a result of careless or difficult ~hucking 
and that a considerable quantity of oysters, hard to open because of 
their size or shape, are thrown away with the shells. The keeping 
qualities and sanitary condition of the meats are likewise an impor-
tant aspect of the shucking problem and have received particular 
attention in connection with the present studies. 
It is evident that commercial shucking operations are of such 
magnitude and importance as to warrant scientific investigation. 
This work was started under the direction of the junior author for 
the purpose of developing greater efficiency and economy in the final 
preparation of oysters for market and shipment. Experiments were 
begun in July, 1931, at the U. S. Fisheries Biological Station at 
Beaufort. N. C., where abundant material and excellent faciiities for 
this work are available. The present report is of a preliminary 
nature and is limited largely to those experiments which appear most 
promising as a practical aiel to this branch of the oyster industry. 
PLAN OF INVESTIGATION 
he difficulties encountered in shucking an oyster lie chiefly within 
tht:l animal itself and may be attributed to (1) the close fitting of the 
valves, (2) the tendency to close quickly upon stimulation and re-
main tightly closed when out of water or disturbed, and (3) the 
powerful adductor muscle and its ability to remain contracted for 
a considerable period of time. The muscle is obviously the most im-
portant controlling mechanism in the closure of the oyster and 
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consequently was selected as the point of attack in the present 
investigation. 
The experiments were planned for the purpose of determining some 
physical or chemical means whereby the functioning of the muscle 
might be controlled. It is desirable that two types of procedure . 
be developed: First , one that will produce relaxation of the oyster 
muscle and prevent shell closure as an aid to shucking operations; 
and second, one that will induce prolonged contraction of the mus-
cle in order to prevent loss of shell liquor and subsequent " clucking " 
of oysters shipped in the shell. 
Studies made by Prytherch (1931) indicated that oysters under 
certain unusual natural condit ions may lose their ability to close the . 
shell and yet contain meats that a.re alive and in a healthy condition 
for marketing . Oysters taken from Mobj ack Bay, Va., in 1931 and 
previous to their mortality there during the winter of 1929- 30, were 
:found to have lost their ability to maintain contraction of the muscle 
and complete closure of the shell. Obviously when left on the beds 
in such condition they soon suffered serious injury through their 
inability to protect the body from invasions of sand, mud, foreign 
organisms, et c. The investigation showed that the chemical concli-
tion of the water close to the bottom was apparently responsible for 
loss of normal muscle functioning and that low oxygen content, 
presence of H 2 S, and increased hydrogen-ion concent ration were the 
chief contributing f actors. This suggested the possibility that certain 
chemical substances might be used under controlled conditions for 
producing rel::txation of the oyster muscle with opening of the shell 
and thus greatly facilitate the removal of the meats. In developing 
a_ pra.ctical method for this pui'pose particular attention has been 
given in the selection of inexpensive chemicals that do not kill the , 
oyster , r educe the volm11e of the meat, impair the taste or food . 
qualities, and are of further value from a sanitary standpoint in de-
st roying or r educing the number of bacteria and spoilage organisms. 
METHODS AND EQUIPMENT 
The movements of the oyster muscle are reflected in those of the 
shell and can be accurateiy recorded by graphic methods such as 
those shown in Figures 1 and 2. For this purpose the oyster was 
immobilized in a horizontal position by cementing the lef t or larger 
valve to a brick or similar heavy oLject. The upper valve was free 
to move in response to muscular movements which were transmitted 
and recorded on a revolving smoked drum by a simple arrangement 
of levers and pen . The levers were adjusted so as to amplify th~se 
movements several t imes as the oyster normally does not open 1ts 
shell more than one-fourth of an inch . Unless otherwise stated, the 
muscular moveinents in all figures are magnified to the same degree 
and are therefore comparable. The kymograph tracings have been 
r eproduced photographically which serves to bring out the indiyidua}. · 
variations in oysters in respect to degree of opening and i·esponse ~.:. 
to different reagents. In all cases the position of the oyster valves 
when closed is represented by the base line ; any movements of the 
free upper valve are deviations from the base line. · 
Four types of recording apparatus were used. That shown in 
Figure 1 was employed with one or two oysters for obtaining 
4 U . S. BUREAU OF FISHERIES 
FIGURE 1.-Kymograph set-up for recording the behavior of one oyster. Note that 
the base line is determined by the closed position of the valves and that opening 
movements of the free upper valve of tile oyster are r ecorded as up>~ ard move-
ments from the base line 
FIGURE 2.- Kymograph set-up for recording the behavior of 10 oysters. Each 
revolution of the dr um is 6 hours. Magnification of movement is identical in all 
10 levers 
\.U OF FISHERIES 
rding the behavior of one oyster. Note that 
losed position of the valves and that opening 
of the oyster are recorded as upward move-
cording the behavior of 10 oysters. Each 
Mngnitlcation of movement is identical in all 
NEW METHODS OF OPENING OYSTERS 5 
records at comparatively rapid chart speeds. In order to study a 
greater number of oysters under uniform conditions, a special kymo-
graph was constructed as shown in Figure 2 which registers simul-
t~neously the reactions o£ 10 oysters on charts revolving once in 6 
hours. Records covering longer periods o£ the type shown in Figures 
3 and 4 were also obtained on charts revolving once in 24 and 168 
hours, respectively. 
FIGURE 3.-.A. 24-hour record showing typical induction, narcosis, and recovery 
periods; a, rullning water discontinued; b, reagent added, pH becomes 2-3; c, 
beginning of narcosis ; d, stimulated by tapping and striking upper valve and by 
touching mantle with a needle, no response, oyster gapes ; e, acid medium drawn 
off, no water in dish ; f, during period of 10 minutes tissues are exposed to air, 
tapping and striking. valve and touching mantle with needle produce no response ; 
oyster continues to gape; g, running water started, oyster continues to gape some 
time; h, first r ecovery movement; i, rhythmical r ecovery movements start; j, 
subsequent records show that rhythm persists for several days 
Altogether over 200 oysters were immobilized and studied in a 
series o£ 600 experiments in which several kymograph records o£ 
each were obtained. The muscular movements registered previous 
to April 1, 1932, cover a total period o£ over 15,000 hours. In 
addition nearly 1,000 oysters were used in bulk to augment the 
studies with attached individuals. 
The experiments were conducted in both running and standing 
sea water o£ which analyses were made at regular intervals of 
temperature, salinity, and hydrogen-ion concentration in accordance 
with present approved methods. The initial experiments with vari-
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ous reagents were made with chemicals of tested purity, and those 
found to be of apparent practical value tested further using the less 
expensive commercial product. 
CONTRACTION AND RELAXATION IN THE OYSTER MUSCLE 
An oyster opens when the muscle relaxes. It is held open by 
the hinge cushion which, like a spring wedge, exerts considerable 
pressure on the valves, forcing them apart. This strong pressure 
of the hinge cushion is accomplished by the purely mechanical ex-
pansion of its elastic substance which, when the muscle contracts, 
must be compressed. There need be no energy involved in the 
gaping position of the valves; there may be complete tissue relaxa-
t ion. The closed position of the oyster, on the other hand, means 
powerful muscular contraction and rigidity to hold the valves 
tightly together. 
The oyster muscle contracts in response to stimuli. In view of 
the sensitivity of the oyster to a variety of stimuli, and its tendency 
to contraction and long closed periods, it has been considered impos-
sible to control movements of the oyster. Knowing the sensitivity 
ancl the strength of the oyster, it seems natural that it should be 
.,.. qpn 
;.~~e-n +- -,;J.:t 
"(• Jy o 
Tndu.cf·;o -n Noxc.os is 
F!GUJlB 4.-0ystcr No. 420; slow time record showing typical induction, narcosis, and 
r ccoYery periods 
difficult to open. A normal oyster will not remain open and allow 
the muscle to be cut loose from the shell and the meat removed. 
Human muscles, all animal muscles, contract and become more or 
less rigid with stimuli, especially with injury, in the same manner 
as the oyster muscle contracts. 
Amethetizing substances abolish contraCtion and rigidity and 
lead to complete muscular relaxation. Just as any anresthetized 
animal is rendered relaxed and insensitive to surgical procedure, so an 
oyster may, by similar means, be caused to submit, with complete 
muscular relaxation, to removal of its meat from the shell, and 
afterwards be alive, in normal condition, with heart beating and gill 
cilia active. 
A brief outline of the superficial facts of narcosis as they are 
nnderstoocl and practiced to-clay will make this subject clear. Ac-
cording to Flagg (1922), complete anresthesia, as accomplished by 
any suitable reagent, is divided into the following periods : 
1. The stage of induction. 
a. The period of excitement or initial stimul:1tion. 
b. 'l'he period of rigidity. 
c. The period of relaxation. 
2. The stage of maintenance, which extends from the completion of relaxation 
to the beginning of r ecovery. 
3. The stage of r ecovery which is the inverse of the stage of induction. 
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Medical science is in constant search for amesthetic substances 
which will quickly pass over the initial lmdesirable periods of excite-
ment and rigidity and arrive smoothly at the state of true relaxation 
which prevails in complete anresthesia. It is important also that the 
recovery stage does not repeat in inverse order the -rigidity and ex-
citement of induction. 
The same type of research was carried on in these experiments with 
the oyster. The aim was to find reagents and a technique that would 
quickly produce complete relaxation in the oyster muscle, with the 
absolute assurance of no injury to the meat as evidenced by a recov-
ery period leading back to normal activity. It is clear that such a 
r·esult may prove of value in facilitating the removal of the oyster 
meat from the shell. 
The fundamental processes involved in the narcotization of the 
oyster present a complicated theoretical problem. Practically, 
though, the problem becomes very simple. It will be, for the oyster-
men, a simple technical procedure which requires no knowledge of 
the scientific aspects of the involved processes. 
From this practical point of view, particular consideration was 
given to the value of various reagents which may open oysters and 
the manner of their application. The requirements ·which satisfac- 1 tory rea&ents for opening oysters must have are very definite; they 
are listen as follows: 
(1) The reagents must produce complete muscular relaxation so 
that the valves of the oyster gape and remain open for a considerable 
period. 
(2) They must cause no tissue injury so that the shucked meat is 
alive and normal. 
(3) They must be reagents which produce the least tendency to · 
rigidity in the induction period so that the oyster is prevented from · 
closing for long periods which would delay the process. 
(4) They must be reagents which have no taste, odor, or sugges-
tion of a foreign " chemical " nature. They must be reagents, there-
fore, which are present naturally in animal tissues or which are in 
common and favorable use. It happens fortunately that in this case 
the most efficient reagents are substances which are known to be not 
only natural and harmless, but, in slightly greater quantities, of 
actual therapeutic value to human beings. This last consideration 
is really of no importance e-xcept as a matter of popular opinion for 
no trace of the reagents would be left in the marketed oysters. 
( 5) The reagents must be inexpensive so that, aside fron1. produc-
ing greater ease in removing the meats and less injury to them, the 
process will also be less costly than the present shucking methods. 
( 6) Quite incidental to practical narcosis, it is found that some 
reagents which conform to all of the above requirements also possess 
marked antiseptic value . . These reagents inhibit bacterial growth a.t 
the concentrations in which they are used for narcosis of the oyster. 
The relative efficiency of the following reagents and the manner of 
their use has been investigated: Carbon dioxide ( C02 ), hydrochloric 
acid (HCl), acetic acid ( CH3COOH), hydrochloric-acetic acids in 
combination, lactic acid ( CH3CHOII.COOH), lactic-acetic acids in 
combination, lactic-acetic-hydrochloric combination, boric acid 
(H3B03 ) and acetic-boric combination, and formic acid (HCOOH). 
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EXPERIMENTS 
CARBON DIOXIDE 
In some of the first experiments, carbon dioxide, one of the most 
necessary substances to all life, was generated by the action of HOI 
on old oyster shells and bubbled into jars containing several 
oysters. After a short period of more or less heightened activity or 
stimulation, the oysters closed for periods varying from 3 or 4 hours 
to more than 24 hours. When they opened eventually, the muscle 
was well expanded so that the valves were wider apart than in nor-
mal ::Opening. The oysters also did not react as they normally do to 
jarring or light changes, and the mantle and tentacles were noticeably 
well expanded. In 002 solution the oysters may remain in such con-
clition for many hours or clays with no visible sign of activity. 
However, when these oysters were handled they . slowly closed, or 
even sometimes snapped closed. When they were rinsed in fresh sea-
water they quickly became very active with frequent shell move-
ments, forcible ejection of mantle cavity material, strong gill cur-
rents, and considerable excretion of feces. 
When quiescent oysters in 002 solution were opened by removing 
the upper valve it was observed that there was no heart beat nor 
ciliary movements and that the mantle and tentacles did not respond 
to touch. When fresh sea water was exchanged for· the 002 water, 
heart, gill, mantle, and tentacle activity began within a few minutes. 
It was thus recognized that the quiescent, relaxed, expanded condi-
tion was a perfectly reversible state of narcosis. 
The narcotic state is not quite complete, however, when · it does 
not abolish all muscular activity. lp._the C02 medium the adductor 
could_!;till respond to such stimulation as is produced by handling 
the oyster, pushing on the muscle, or lifting the oyster out of water; 
although such stimuli as are ordinarily transmitted, such as touching 
the exposed mantle or tentacle with a needle, did not affect the 
adductor. Nervous control seemed to be suspended in this case but 
something within the muscle tissue or the body fluid still enabled the 
muscle to contract in response to a powerful stimulus. It is prebable 
that not enough 002 can be dissolved in the water by this method 
to induce complete .narcosis of the muscle which appears to be the 
last organ in the body to be narcotized. 
It was observed that the 002 method is wasteful since most of 
the gas escapes; and that 002 can also be made from shells con-
taining living oysters as well as from old shells. When small 
amounts of HOI are added to the sea water surrounding oysters 
minute bubbles of 002 immediately arise from the shells. 
HYDROCHLORIC ACID 
Probably the hydrochloric action in the presence of calcium car-
bonate (oyster shells) is for the most part as follows : 
2 HOI+ OaOOa = H200a + OaOl2 
H200s = H20 + 002 
l However, sea water is a very complex solution so that there may be 
other reactions due to the addition of an acid to this system. Most 
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inorganic acids will cause the visible evolution of C02 bubbles from 
the shell and so also will many organic acids. It is not possible to 
state whether the effect these reagents have on the tissues of the 
oyster is a carbon dioxide, a hydrogen-ion, a bicarbonate-ion, or 
some specific acid effect. t 
When a given amount of HCl was added to a given amount 
of sea water containing a normal active oyster, there might be a 
brief period of stimulation or heightened activity and then the 
oyster closed to the base line as is shown in Figure 5a. The closed 
period ordinarily persisted for many hours, often for more than 24, 
usually with no sign of opening, although in some oysters there 
might be occasional " tasting " movements as shown in Figure 5a. 
When the oyster eventually opened it was in a very different con-
clition than that shown by previous activity. Figure 5b shows that 
c.. 
FIGURE 5.-0yster No. 490, muscular behavior iu response to HCI; a, addition of 
rengent, closes 10 hours ; u, prcnarcosis, opens wide but is not completely nar-
cotized, closes again for 3 ~~ hours ; c" complete narcosis showing push tests ; re-
pressed type, never completely relaxed ; slight movements during entire nine 
hours of maintenance 
it opened wider than before and the record line became smooth 
since there was no muscular movement. Usually no amount of jar-
ring, light change, pricking the mantle or tapping the upper valve 
would cause muscular contraction. Pushing the valve clown, how-
ever, at any time during the first hour or so after opening, was apt 
to result in the muscle contracting and holding the contraction for 
several minutes or more. Sometimes a similar type of contraction 
occurred spontaneously. Figures 5b and 6 show various records of 
this " prenarcosis " period. 
Subsequently, after perhaps some spontaneous contractions, the 
muscle expanded again, usually rather wclclenly, and the wide level 
of opening was resumed. There is then so little muscular activity 
for a period of many hours that the record shows as very nearly a 
straight line. Figur:e 8 gives typical complete narcosis records. 
During this period, if the valve was pushed closed it snapped open 
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immediately upon release of pressure. Furthermore, if the water 
was drawn off, as is the case in Figures lOa, and 8 b, o, cl, e, f, the 
valve did not close clown, and when the muscle was given every 
cpporttmity to contract by pushing it down during this period, it 
still remained completely relaxed and the shell snapped open. This 
is complete narcosis. No amount of handling, bumping about, or 
crowding together of oysters will cause the valves to close. The 
fC.C. . /<Lcf ic:.. 
* rU If+-
L.fcc.a.cefic 
* 
/<C. o.cefic. 
* · :i3· bor-ic 
/)., ce.. acetic.. 
* fH3 
~
Fwumi G.-A series of records Rhowing the muscular behavior of normal oysters 
when various narcotizing rengcnts ure administered; a., oyster. No. 480, acctic-
!Jol'ic. closes 2'h hours; oyster No. 3G7, lo.cl:ic-o.cctic-HCJ, closes 1 hour; c, oyster 
No. 430, lactic-acetic, closes 1 hour ; rl, oyster No. 413, luetic, docs not close f_or 
more than a few minutes, opens clellnitely in 1 hour; e, oyster No. 428, Iactlc-
acetic, docs not close; f, oyster No. BDi5, lactic-acetic, docs not close 
completely relaxed and inactive muscle allows the hinge full sway 
in its function of forcing the valves apart and causing the oyster 
to gape. To all appearances the oyster is lifeless, yet the flesh 
is sound in every wa.y. The mantle may be somewhat contracted 
but not markedly so and there is no mucous secretion or evi-
dence of other abnormalties. The ovster mav be left out of water 
as long as would be necessary to transport "oysters to benches or 
bins or any other snch necessary nrrangement for expediency in 
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shucking, but naturally it is not desirable that the flesh be exposed 
to air for any considerable period. 
The kymograph records establish perfect proof that oysters treated 
in this manner were not injured. vVhen fresh sea water was added to 
the oyster in this open condition there was a period during which 
the absolute relaxed or narcotic state persists. During this time if 
the valve was pushed clown it would snap back. But the continuing 
"''-.0 0 
/ce_a.cetlc. 
d.._* 
·r;Jfo 
~-
FIGum~ 7,.-A .series of r ecords showing activity at the end of induction, the pre-
nm·cosJs pen od; a, oyster No. 488, acetic-HCl, closed " ·hen fir st reagent is added unu~ually m pid induction ; b, oys ter No. 364, acetic-boric, closed during adminis: 
trat10n of bot h reagent s, opens six hours lat er; c, oyst er No. 368 l actic-acetic-
HCI, close? during addition of reagents, opens 3 hours la ter ; d-, oyster No. 367, 
lactJc-acet te-IICl; c, oyster No. 480, acct ic-IJoric ; t, oyster No. 301, lacti c-acetic 
record shows that almost imperceptible contraction was occurrino· 
which gradually narrowed the wide opening level. Active muscula~ 
movements soon followed. Recovery periods are shown in Figures 
9 andlOcl. 
The movements of t_he recovery period were strikingly different 
from the normal behavwr of the oyster. They were characterized by 
the great depth of the movement; that is, every contraction was from 
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the high level of opening to near the closing point or base line of the 
record. Somewhat later the contractions occurred with such fre-
quency and regularity that it was apparent a rhythm had been estab-
lished. Figures 9, 10, andll show various types of recovery rhythms. 
This rhythmical muscular activity might persist for days, gradually 
-,-;, :J_O 
0 
fiLSh f.u.sh f.,, u.sh 
rHs i ~~~r· __,r 
b. u 
push -ho 
! Wafe.r 
pu:;h -110 uJa. +e. . 
c. 
e, 
-,;_no /'<l.Sh 
r»* ' 
t v 
PUsh 
' 
Pu.sh 
I 
' 
' 
pu.s h- no uiCl te'r 
' pu.sh- 1/0 wa.ter 
: ; ,pu.s h- vo uJa.fe'r 
I o o 
f[[ 
ptts~ 
' 
p11sh pu.sh -no UJa.ie..-
ur ' r 
FIGURE 8.-,---A series of records during narcosis showing the push test; a, oyster No. 
488, acetic-HCI; b, oyster No. 4.38, acetic-boric; c, oyster No. 489, acetic-boric; 
d, oyster No. 391, lactic-acetic; e, oyster No. 364, acetic-boric; t, oyster No. 497, 
acetic-boric 
dinllnishing in frequency and depth and leading to normal activity 
or complete recovery. 
The HCl method of opening oysters has two advantages: 
1. When the muscle is relaxed in narcosis it is so completely 
powerless for a long sustained period that shucking can be carried 
on with ease at any time within a wide range of working hours. 
2. The method is very cheap. If every oyster opened for even 
a brief period during the treatment so as to become exposed to the 
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acid, 1,000 oysters, which is approximately 3 bushels or 1 barrel, 
would require less than 5 cents worth of HOL 
However, there seem to be certain disadvantages to the HOI 
method. In the experiments thus far, no method of administering the 
acid has been fotmd which will prevent the majority of the oysters 
from closing. And when oysters close in HOI solution they are apt 
to remain closed a long while. Also there is such variation in the 
T:/5° 
c.. 
ci.~------------------
FIGURE 9.-A series of recor<ls showing the rhythmical muscular behavior char-
acteristic of the recovery period; a, oyster No. 395, early rpcovery period after 
lactic-acetic narcosis; b, oyster No. 475, type of rhythm after 7 hours of recov-
ery from acetic-HCl; c, oyster No. 475, type of rhythm after 15 hours of recov-
ery from acetic-HCl, this is more nearly normal behavior thn.n in the section of 
th·e record shown in b; d, oyster No. 465, very mild type of rhythmical activity 
leading rapidly to normal behavior after acetlc-HCI; c, oyster No. 457, e:dreme 
type of recovery activity showing some injury after acetic-HCl 
time in which individual oysters open that all the oysters may not be 
open and ready to shuck at the same time. 
A second minor objection to the HOI method is that, while there is 
always recovery, this process is often prolonged. During such a pro-
longe~ period of intense muscular_ activity there is little or no feeding, 
practically no feces and feeble grll currents. The oyster sometimes 
becomes quite poor during this recovery period. This indicates that 
there is some tissue injury incident to the acid treatment. For all 
practical purposes such slight injury is negligible; still it should not 
occur with an ideal reagent for opening oysters. 
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Sulphuric acid and nitric acid also may be used to canse oystm•s to 
gape and to recover. They are more expensive than HCl and share 
in the principal disadvantage of H Cl in requiring a long, uncertain 
period before the oysters will open. They likewise cause intense and 
prolonged muscular activity in recovery. Furthermore, neither of 
these acids enjoys any repute as a physiological agent contributing 
to human welfare and health. HCl, on the other hand, is 
popularly 1.!lown as a normal constituent of both the human and the 
oyster stomach and its importance as such is appreciated. H Cl is 
thought of favorably as a corrective for htm1an gastric disturbances, 
and its use as a reagent or medicine is fairly familiar to the public. 
Jcc.acef-ic 
* 
JCc. .Hd 
-'k 
ct.---;-::::-;-------_:_-~:::::_~_'L...-----1~~____!:-===:::::l.~~ 
~~~m~i~n·~~---L--~--~--L---~1--~L-~---L---L---L--~ 
/ 0 :30 R. M . /O:<f'f 
'fl~!_'fh l'"f~ P;u-sh fH .3 p ;u.s h ~ mecl iu. m . . 
---1~--~--~~--~-------i~-----------, d~awn cff 
b 
1/:'/0 'f. M . 
No uJCLrer --+ 
c. 
/~:oc 
T= :LI. S' o fiLS~ , pu.s h 
.;I(;.Uia.i:~r 
d._ 
I Tni Tl 
FIGURE 10.-0ystcr No. 30, muscular behavior in response to acetic-IICI ; a., addi-
tion of r eagents, closes about 10 hours ; l!, complete narcosis showing push tests 
in acid medium; c., medium drawn off; push tests shonring how oyster renutins 
open in a ir ; d, recovery in fresh sea water 
Of course it is impossible to taste the acid as it is used in the 
concentrations necessary to narcotize oysters. The normal acidity of 
the human stomach is due to free H Cl which is secreted in concentra-
tions of from 0.4 to 0.5 per cent (Carlson, 1915) which corresponds 
to a pH of 0.95 to 1.0 (Menton, 1915) . Stitt (1923) quotes a some-
what broader range of 0.9 to 1.6 as the normal pH for adult gastric 
juice and pH 5.0 for that of infants. The concentrations of H Cl 
used in narcotizing oysters range from pH 2 to 3 (using the H ellige 
wide range indicator). This means, of course, that there is less acid 
in the sea water surrounding the oyster tissues than is present in 
the normal human stomach. Also, as the oyster remains in the acid 
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medium the carbonate of the shell causes gradual neutralization so 
that by the time the oysters gape the pH of the medium is around 
pH 3 to 4. Therefore, if the oysters were not washed subsequent 
to shucking there still could not possibly be any harmful effect nor 
noticeable taste to the meats. The ordinary washing would immedi~ 
ately bring the pH up to that of oysters opened by knife . 
It is well known that gastric juice has antiseptic properties clue 
to its HOI content. Practically all bacteria which do not have 
spore forms are destroyed in the norn;ally acid stomach. The low 
pH values at which oysters are narcotized promise a better method 
:for bacteriological purification thau any other known method. The 
minimum pH values for bacterial growth have been worked out for 
a number of bacteria by various workers, and the data are presented 
c. 
-y-; ;g-0 Jcc: .a.ceftc 
;)(-
;,..cc:Hct 
* 
FIGURE 11.-0yster No. 49!), muscular bellaYior in response to acetic-I-ICl; a., addi-
tion of eeagents, closes 1 llour; b, complete narcosis; c, r ecovery 
by Buchanan and Fulmer (1932) . Those bacteria listed by Hunter 
and Harrison (1928) as the forms common in polluted oysters and 
in the spoilage of oysters are giYen here with the minimum pH below 
which no growth is possible : 
Bacterin 
Bacterium coJi _____ __ __ _ 
pll 
4. 0 
5. 0 
•1. 0- 5. 0 
4. 3 
4. 5 
4. 5 
4. <1 
4. 07 
Bacteria 
Bacterium aercgenes __ _ _ 
Bacterium paratypbo- . 
sum. 
pH 
4. 4 
4. (i 
•!. 0 
•!. 5 
4. 5 
4. 0 
4. 5 
4. 5 
3.H 
1 
___ n_a_tt_e_ri_u --~~ 
Bacterium typhosum __ _ 
Bacterium dysenterire __ _ 
'1.0 
5. () 
:J.;) 
6. 2 
·1.8 
4. 5 
•1. 8 
·while it is not yet certain \Yhether the acid method of opening 
oysters thoroughly disinfects the oyster of all bacteria, it is alto-
gether probable that the method is of considerable bactericidal value. 
Certainly no bacterial growth is possible during the HOI method of 
narcotizing oysters. It is certain that the meats of the gaping oysters 
are thoroughly bathed in .the acid medium. Furthermore, another 
126822- 32--2 
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point worthy of consideration is that with the long gaping period 
which is obtained in narcosis there would be ample opportunity 
to bathe further or rinse highly polluted oysters in any desirable 
disinfecting medium with the full assurance that the oyster meats 
would be subjected to its action. 
In view of the advantages of the use of HCl in the treatment of 
oysters, further research is in progress dealing particularly with the 
methods of administration of the acid to large lots of oysters. The 
proper fractional addition of exact amounts, regulated so as to induce 
complete relaxation without delay, may solve most of the apparent 
difficulties in the use of HCl. 
ACETIC ACID 
Acetic acid is one of the best known of the organic acids, par-
ticularly in the form of vinegar, and the use of acetic in the narcoti-
zation of oysters is very promising. The addition of a given amount 
of acetic to a given amount of water containing an active oyster pro-
duced more pronounced stimulation than did HCl under the same 
conditions and, what is very important, the oyster did not close so 
quickly after the addition of the reagent, as shown in Figure 11. 
There was thus more time for the oyster tissues to be affected by 
the reagent. The oyster then closed, sometimes for many hours, but 
on the average, for a much shorter period than when HCl was the 
reagent. There was apt to be more " tasting " also during the closed 
period than with HCl. Therefore, in much less average time than 
with HCl the oyster opened wide with great activity which rapidly 
reached a state of complete muscular relaxation. The width of 
opening and the whole character of the narcosis were to all appear-
ances exactly like the narcosis produced by HCI. Recovery was 
certain. The periods of muscular rhythmical movement in recovery 
were always less extreme and of shorter duration than recovery fol-
lowing HCI. Complete recovery with feeding, strong gill current, 
and abundant feces excretion occurred before the oyster suffered any 
exhaustion from prolonged abnormal activity. 
Acetic acid is then a better reagent than HCl in the following 
ways: 
1. Narcosis is more quickly produced. 
2. Recovery back to normal is shorter. 
Acetic has the same advantages as HCl in that no taste is pro-
duced and its properties, similar to a mild concentration of vinegar, 
are known to be healthful and could create no popular disapproval. 
Also, while acetic is a much weaker acid than HCl, the pH in the 
concentrations used is the same as with HCl, ranging from pH 2 to 4 
during the induction and maintenance of narcosis, so that the bac-
tericidal effects would be fully as great as with HCL 
The disadvantages of acetic acid are: 
1. Acetic is more expensive than HCI. 
2. A greater amount of reagent is necessary; for instance, where 
3 cubic centimeters of HCl will narcotize oysters in a given amount 
of water, 5 cubic centimeters of acetic must be used. 
3. Complete narcosis with aeetic is not maintained for as long 
a period as with HCI. 
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This last is a serious disadvantage in a method where the time 
when the oysters will open is not exactly known. For instance, nar-
cosis with acetic acid may be maintained approximately 5 hours. 
The induction period may vary from 5 to 15 hours. Therefore, it 
is clear that the whole batch may not be ready at the same time, 
and that it would be difficult to prepare the oysters for shucking 
during the usual working hours. 
What does it mean when" narcosis can be maintained for a given 
time"; what happens after this time? When oysters are completely 
narcotized and then left in the same acid solution they slowly regain 
activity; that is, there is spontaneous recovery with no change to 
fresh medium. Although they remain open for most of the time 
there are infrequent muscle contractions; also, if the upper valve is 
pushed down, as would surely occur in handling the oysters, the 
muscle is able to hold it down for several minutes. When the water 
is drawn off such oysters they may close immediately or go through 
a period of rather active " clucking " movements. 
Thus there is never any danger of the oysterman killing or spoiling 
a batch of oysters by keeping them too long in acid medium; but 
there is this possibility of keeping them until they regain activity and 
are no longer in suitable gaping condition for shucking. All of the 
experiments so far in which additional acid was introduced at this 
stage of spontaneous recovery showed failure to reestablish narcosis. 
Such treatment resulted only in excessive stimulation and produced 
great uncontrolled muscular movements which are evident signs of 
injury. Such a condition may lead to gaping which is, however, 
permanent and irreversible. It is true that when the oysters are 
in this condition the meat is still very sweet with no sign of spoilage 
after several days. (This may be due to the antiseptic properties 
of the acid.) But the mantle is greatly contracted and undoubtedly 
the oyster has lost a certain amount of water and dissolved salts. It 
is not desirable that such a procedure should ever be followed. 
If a batch of oysters should be left too long in any acid until they 
begin spontaneous recovery, the best procedure is to exchange the 
medium for fresh sea water, preferably running water for several 
hours, and then to start the narcotizing treatment over again. Ex-
periments indicate that this second narcosis will be more quickly 
attained than the first. 
ACETIC-HYDROCHLORIC ACIDS 
Many experiments producing a high per cent of opened oysters 
within a reasonable and definite period have been carried out with a 
combination of acetic and hydrochloric acids. A small amount of 
acetic was added first to active oysters which immediately became 
stimulated. While in this condition, or before they close, HOlmay 
be added. Or the HOlmay be added after they close. It may also 
be added just as they are opening in the period of rather extreme 
activity which precedes a narcotic stage. Figure lla shows 
acetic-HOI induction. 
vVith this method a smaller amount of acetic is used than would 
be required to produce narcosis alone or even to initiate a brief period 
of incomplete narcosis. The small amount of acetic acts as a stimu-
lant so profound that when the oyster closes it can not remain 
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closed long on account of processes which have been initiated in the 
tissues. Larger amounts of acetic, or of HCl which is stronger than 
acetic, are, of course, more powerful stimulants. But excessive stim-
ulation tends to produce a degree of coagulation in cells which 
fayors rigidity or a long period of contraction. H Cl especially, 
even when added in small amounts, seems to produce this condition. 
(This process of coagulation, which is ii11portant in cellular physiol-
ogy, will be discussed at length in a subsequent paper in connection 
with other phenomena of the closed and stimulated oyster.) The 
same phenomenon of excessive stimulation is observed in human 
anmsthesia-if ether is given too rapidly at fir st, or in too great 
quantities, a rigidity or tendency to contraction occurs which is not 
easily overcome. 
To allow oysters to remain overtin"J.B in acid would involve an 
extra day's t reatment and an extra addition of reagent. At the 
present time there seems to be no justification for any such pro-
cedure; but there is a possibility that bacteriological r esearch may 
prove such a method to be of value in the purification of oysters from 
polluted waters. The great amount of actiYity, including washing 
out of the digestive system and abundant feces excretion, involved in 
the strenuous period of recovery between the first and second narcosis 
would certainly rid the oyster of any undesirable organisms, and the 
second narcosis, of course, would have them ready for shucking. 
F or such purposes acetic acid would prove the ideal reagent. 
Otherwise, acetic acid, used alone, ·will probably never prove a 
satisfactory reagent for opening oysters, H owever, if it. is used in 
combination with other acids it becomes the most Yaluable reagent, as 
is shown by subsequent experiments. 
Rigidity is a phenomenon of incomplete anresthesia that has 
been too rapidly induced. "'With oysters such a condition, which 
means contraction and closure, must be avoided. Acetic acid in small 
amounts produces much less tendency to rigidity than HCl. ·when 
the initial tendency to contract and remain closed is overcome, H Cl 
may then be .gelded in amounts suitable to sustain narcosis as long 
as is desirable. 
The proportions and exact amotmts of reagents to be given to 
known numbers of oysters are important factors, as is also the time 
at 'vhich the reagents are to be added. Most- of the experiments have 
been with one or two recording oysters in a dish surrounded by a 
r elatively large amount of water; for example, from 1 to 4 liters of 
water per oyster. It was found that more acid must be added under 
these conditions than is needed for several oysters in the same amount 
of water. The experiments carried out on small lots of oysters in-
dicate the success of the following amounts and proportions of 
reagents : 1 cubic centimeter of acetic acid follo"-ed by 4 cubic centi-
meters HCl added to 10 oysters in 1,000 cubic centimeters water 
gave : (a) Complete narcosis in about 12 hours, (b) n, maintenance 
period of 5 to 8 hours. 
The general procedure for commercial operations is suggested as 
follows: Oysters brought in from the beds in the afternoon, after 
being washed by thorough hosing, are covered with sea water , 
preferably running, and left to stand an hour, or longer if time is 
available, until they open. Then 1 pound of acetic acid is added 
for every 5,000 oysters (approximate cost, 12 cents or less per pound). 
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The acid must be well stirred into the water without jarring or mov-
ing the open oysters. (There should be 2 or 3 inches of water above 
the level of the oysters.) After about an hour 4 P?uncls of HCl ~re 
added in the same way and mixed thoroughly mto the solutiOn 
around the oysters. (HCl is about 4¥2 cents a pound.) T~e total 
cost of the reagents is 30 cents for 5,000 oysters or approxunately 
15 bushels; that is, 2 cents per bushel. 
The next morning the oysters are open and ready to be shuc~m~l. 
They will remain in this condition for from 5 to 8 hours. Tlus 1s 
sufficient time to get all of the oysters shucked and the house pre-
J?arecl for the incomiiig batch of fresh oysters from th.e beds. These 
figures are, of course, based only upon laboratory expenments a~cl are 
intended to show what may be expected of the process accordmg to 
the experiments that have been conducted m: a small . scale . . 
A variation of this acetic-HCl method 1s: 2 cubic centuneters 
acetic acid follo·wed by 3 cubic centimeters HCl to 10 oysters in 1,000 
cubic centimeters water. 
The experiments with this secon~l method sho_wecl ~.tbout the same 
induction period followed by a mamtenance penocl of about 5 hours . 
which would ordinarily be long enough for shucking. The ~dvantage 
is that with this concentration of acetic and less HCl, there IS a much 
better 'recovery period as was determined ~Y. continu~ng th~ exp~ri­
ment until the oysters return to normal con~htwn .. Tlns consideratiOn 
may be altogether unimportant. Recovery IS certam by both methods. 
More work is beino· clone with these two methods on a small com-
mercial scale. They ~re offered here tentatively as the basis on which 
the research will continue. 
LAC'.riC ACID AND LACTIC ACID COl\IBINATIONS 
The experiments thus far indicate that c.ommercial oyster shucking 
plants ri1ay profitably employ an ~cet~c-HCl methoc~. ~nother 
method has been found, however, which IS so far supenor m some 
ways to the former process that it deserve~ every consideration. 
This is the lactic-acetic method. 
Lactic acid is most popularly lmown as the ~cicl <_>f butt_er~nilk and 
the acid that is added to infants' food. PhysiOlogically It IS known 
as the acid which is formed in muscular activity. Increase of 
muscular activity means increase of lactic acid. Lactic acid is also 
known to be released from the t issues into the body fluids in narcosis 
as shown by Peters and Van Slyke ( 1932) . Lactic acid phenomena 
accompany all muscle activity. . . 
Lactic acid alone, used in the same amounts as acetic acH1, produced 
rapidly and completely a perfectly relaxed type of narcosis in the 
oyster: Its expense may be prohibitive. 
The initial addition of a small amount of lactic, however, and then 
the use of acetic gave ideal narcosis at no great expense. Lactic 
acid stimulated muscle activity with little or no tendency to cause 
the oyster to close. After half ~n hour or more of .lactic a:id stimula-
tjon the acetic acid was added m an amount sufficient to mcluce com-plet~ narcosis. There was rarel:y: ~losing o~ th~ oyster during this 
induction. Instead, muscular activity steadily mcreased, the oyster 
opened wider and soon a smooth record line, indicative of cessation 
of muscular n~ovements, was obtained showing that narcosis was well 
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established. Figures 6e and f show how smooth, rapid induction 
is attained with these reagents. The method is a triumph over the 
marked tendency of the oyster muscle to contract and close the shell; 
no period of rigidity occurred. Complete narcosis was established 
in :from 1 to 6 hours. Narcosis was maintained by the acetic which 
:forms the greater part of the acid content o:f the medium and usually 
lasted :from 4 to 5 hours. When there is such a definitely known 
period of induction this short maintenance period can be definitely 
planned :for. By this method oysters could be treated in the early 
morning and would be ready to shuck before noon. 
The matter of recovery is an aspect that makes this method par-
ticularly good. Recovery was very rapid; the rhythmical muscular 
movements were not extreme and within a :few hours they gave 
way to altogether normal activity. Thus t.his method is o:f great 
physiological interest. It produces ideal narcosis in every respect-
perfect induction, maintenance, and recovery. 
From a practical standpoint the method· may not prove to be the 
best, because: (1) The cost of the reagents is about 16 or 17 cents 
per thousand oysters; (2) it may not be at all necessary to induce 
narcosis rapidly (an overnight method may perhaps "be handled 
more effectively in a shucking plant); (3) the matter of ideal recov-
ery is probably not at all important to the industry. 
A modification of the method suggests some improvements which 
may be useful. Now it is :found that lactic acid and HCl seem to be 
incompatible. If HCl was added after the lactic acid stimulation the 
oysters closed and nothing was gained over a straight HCl method. 
But if a small amount o:f acetic :followed the lactic acid, and this in 
turn was :followed by enough HCl to make up the greatest part of the 
acid content, the method proved very efficient. 
The proportions used are: lh cubic centimeter lactic acid :followed 
by 1 cubic centimeter acetic acid in turn :followed by 4 cubic centi-
meters HCl to 10 oysters in 1,000 cubic centimeters water. 
The cost of this triple acid method is about 12 cents per thousand 
oysters. The process would be an overnight induction procedure 
:followed by the long maintenance period which HCl supports. It 
would probably produce a somewhat higher percentage of open 
oysters than would any other method. There are always some cases 
where an active oyster closes upon the first addition o:f either acetic 
or HCl and never opens again throughout the experiment. ·with 
lactic acid these oysters would be kept open and so add to the per 
cent narcotized. 
BORIC ACID AND ACETIC-BORIC COMBINATION 
Another very interesting and promising method which worked well 
in the laboratory but which has not yet been tried on oysters in bulk 
is the boric-acetic combination. Boric acid is one of the weakest of 
the inorganic acids and very mild in its action on animal tissues. It 
produces no tendency to coagulation. Boric acid alone seemed to give 
no degree of narcosis although the records showed plainly that it 
stimulated the oyster. How it works so well with acetic is not at all 
known. Boron is a natural chemical constitutent of all animals; it 
is :found most abundantly in marine :forms (Bertrand and Agulhon, 
1912). As :far as is known ,there is no record in the literature :for its 
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use in anrethesia; but neither, for that matter; are HCl or lactic acid 
common anresthetizing substances. 
With small amounts of acetic and larger amounts of boric acid 
(which, unfortunately, is relatively expensive) ideal narcosis was 
obtained as is shown in Figures 8, b, c, e, f. Narcosis occurs at a very 
high pH, often around pH 4 to 5. Boric acid is known to have 
antiseptic properties which seem not to depend upon the hydrogen-ion 
More work is planned with respect to this interesting method which 
also promises the development of a thoroughly practical commer-
cial method. 
Boric and HCl . combinations have not produced good results. 
FORMIC ACID 
Acetic acid is the second acid in an organic series called the fatty 
acids; formic acid, closely related to acetic, is the first member of 
this series. Formic is popularly known as the acid which ants 
· secrete to narcotize their prey; it has no harmful effects on man and 
is frequently used in medicine. Small doses of formic alone gave 
perfect narcosis. The acid is somewhat expensive but the experi-
ments so fa.r indicate that less formic will produce narcosis than 
any other reagent. Further experimentation may prove that this 
acid alone is a satisfactory reagent. No combinations of formic with 
other reagents have yet been tried. 
DISCUSSION 
Only acids and acid combinations have been discussed in this paper 
as those reagents whif!h will most adequately fulfill all of the re-
quirements of a satisfactory reagent for opening oysters. Other 
more usual anresthetizing substances, such as ether, chloroform, and 
many salts, have been used for comparison of general narcosis 
phenomena. These narcotizing reagents will not be discussed be-
cause, for one or more rather obvious reasons, such substances 
fail to fit all of the six requirements for a practical reagent which 
may be used in the prepa.ration of a delicate food substance. Both 
theoretically, clue to somewhat unusual physiological conditions in 
the oyster, and practically the acid reagents prove altogether suita-
ble and highly efficient narcotizing agents for oysters. · 
The majority of the oysters used in the present experiments were 
purposely selected from beds that are exposed during each tide. 
Oysters grown under such conditions develop a more powerful 
muscle and were found to be more sensitive to chemical reagents than 
oysters from deeper beds. It is very generally known that oysters 
from tidal flats ship better in the shell than other oysters because 
they are able to remain closed for much longer periods. An investi-
gation of the physiological processes involved in this difference in 
oysters and their response to tidal influences comes within the scope 
of the general problem of muscular activity in the oyster and will be 
considered elsewhere. At present it can only be said that the oysters 
from the tidal flats appear to be the most difficult to open by chemical 
stimulation, while those from deeper waters, as are most of the 
commercial oysters, will respond more readily to such treatment. 
This promises a higher and more uniform per cent of opened oysters 
22 U. S. BUREAU OF FISHERIES 
and possibly less reagent in the commercial use of narcotizing 
methods. 
The temperatures during the present successful experiments varied. 
Some were at the upper range of temperatures which could be expec-
ted during the warmest oyster season in the South. During a period 
of cold weather at Beaufort, experiments at lower temperatures 
(7° C.) were just as successful and indicated that smaller amounts of 
reagents might be required. The cost of the methods at low tempera-
tures may prove even lower than the figures given. 
Some of the unsuccessful experiments in the investigation have 
brought out valuable facts in regard to the operation of the opening 
process. For instance,-there is the matter o-f using too little reagent. 
In any of the methods, if insufficient acid was used, only profound 
muscular stimulation resulted with great width of opening rrnd deep 
contractions. After a period of such intense activity the further 
addition of acid would not cause narcosis but simply more undue 
stimulation, which, if greatly prolonged, was eventually harmful to 
the oyster. Should an oysterman ever find that he had used too 
little reagent in proportion to the amount of oysters treated, his pro-
cedure is simple enough. He rinses the oysters and leaYes them for 
an hour or two in normal sea ·water, preferably running, and then 
starts the treatment over again with the proper amount of reagents. 
It is ·quite clear, however , that for economical procedure the approxi-
mate number of bushels to be treated should be counted and the 
correct amount of reagent used. 
It is also possible to use too much reagent. This would not usu-
ally involve a loss of time nor be a serious handicap because, under 
such conditions, a certain type of narcosis is produced. In such ex-
periments the oyster did not open as wide as in the complete relaxation 
of perfect narcosis; in fact it usmlly opened no wider than the nor-
mal opening level. It is evident that there is a. degree of rigidity and 
for this reason it is called a " repressed " type of narcosis. Figure 5c 
s hows such a condition. It is nevertheless a practical result; there 
were no muscular contractions and the record line was usually as 
straight a line as in the more relaxed type of narcosis. Also when 
the valve was pushed clown and when the water was drawn off, the 
oyster re1i.1ainecl open. Although the oysters did not p1;esent the 
striking gaping appearance of perfectly narcotized oysters, they were 
nevertheless open. A knife could be slipped between the valves in 
this case as easily as in oysters that were wider opm) . 
Of course, in case excess acid is used, especially if it is HCl, re-
covery is not so rapid. lVIuscular movements are more extreme and 
the rhythm is prolonged for clays. This is probably of little signifi-
cance for all practical aspects of the problem. But strong acid is 
known to" EJtrengthen" tissues- in fact, HCl is used therapeutically 
for that purpose in human tissues. (Sollman, 1925.) It is incon-
ceivable that the slight excess o-£ acid that might be used in this open-
ing process could toughen the oyster meats. 'rhat the method might 
prevent loss of tissue fluids and so be of value is more probable. 
The ideal aimed at in these opening methods is to maintain and 
present the marketable oyster at normal. A consideration of de-
viations fron1. the normal that improve the quality and keeping 
properties of the meats may be a later development of t he problem 
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after it has been thoroughly demonstrated that the first prerequisite 
can be fulfilled. For such reasons it is desirable to continue the 
research until the exact amounts of reagents necessary for large 
quantities of oysters under various conditions is thoroughly known. 
The methods described above may possibly be criticized- for the 
apparent crudeness in the administration of the reagents. It might 
very well be thought that the careful, gradual addition of the nar-
cotizing substances would prevent closure of the oyster during the 
induction period. This aspect of the problem is one of theoretical 
interest just as much as of practical importance. It is possible to 
add a reagent too gradually. In the oyster, one of two respo~s~s 
may follow such a procedure. One is that the oyster becomes llll-
tiaily stimulated, does not close, continues stimulatory activity in-
definitely and will never become am:esthetized no matter how long the 
acid is continued. The second reaction is much more common; the 
gradual addition of acid, bringing the pH slowly down to 7 or even 
as low as pH 6 produces little stimulation and the oyster closes. It 
can and may remain closed for several clays if the medium is not 
changed. 
Narcosis depends upon a certain threshold of stimulation; stimu-
lation must be profound enough to cause a type of shock; it must 
not be so intense as to cause rigidity. The amesthetic must be 
pushed as rapidly as tolerance will permit, while at the same time 
it must not be pushed so rapidly as to produce spasm or rigidity. 
(This last statement is a partial quotation from Flagg, 1922, con-
cerning the administration of anmsthetics to humans; it is very 
appropriate to the treatment of oysters.) 
For these reasons no elaborate· drop method will probably ever 
be necessary in the practical administration of reagents to tanks of 
oysters; instead, the simple stirring in ~f two. or t~ll'ee closes of suit-
able reagents exactly proportioned at g1ven tune mtervals, can pro-
duce narcosis without any closing period intervening between the 
administration of the reagents and narcosis. Therefore, the crude 
methods required for technical proced.ure are also the theoretically 
correct methods. 
The oysters used in these experiments in most instances have 
not been: left out of water preceding the experiments. Oysters 
which have been dredged some time before they are ready to be 
handled for shucking treatment open more readily when placed in 
sea water than those which have been out of water a shorter time. 
There should, therefore, be a higher per cent of active oysters at 
the beginning of the opening treatment in commercial operations. 
From 70 to 90 per cent nar~otization has been obtained in the labo-
ratory not only in the recorded experiments but in the bulk ex~eri­
ments. The reason for this varying percentage seems to be mamly 
because some oysters are slow to open before the reagents are added. 
Some open later in the reagents and may narcotize as well as the 
first oysters to be stimulated. Records of oysters which opened 
after all the reagents were added are shown in Figures 7 b and c / 
perfect narcosis was rapidly attained in these cases. Ther.e were 
some oysters which did not open at all throughout the expenments. 
'When these closed oysters opened afterwards in fresh sea water 
their behavior records were perfectly normal showing that they 
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had not been subjected to the acid and had in no way been affected 
by the treatment. Therefore, in commercial procedure they may 
be thrown in with the fresh batch of oysters and will then open 
quickly. 
There is no advantage in leaving unnarcotized oysters in the acid 
bath when the majority of the oysters are already opened. They 
may not open for extremely long periods and when they do the 
acidity of the medium will have become so reduced as to be merely 
stimulating and no degree of narcosis will be effected. They must be 
treated as fresh oysters. When an oyster plant is run continuously 
there will be no delay in operations nor waste caused by unopened 
oysters. The next treatment will open them. No oysters need ever 
be discarded and there will be no occasion to resort to the old forci-
ble shucking methods. In this manner 100 per cent opening is 
assured. This does not imply, however, that much more may not be 
accomplished by further experimentation in the handling of oysters 
to obtain a higher per cent opening in the initial treatment. 
CONCLUSION 
The present investigation deals with the problem of the expansion 
of the oyster muscle for such period of time as might be practicable 
for the removal of the live meats with the same ease of operation 
that is possible with steamed oysters. By the proportional use of 
various acids, most of them secreted by and common to living 
animal tissues, the muscle can be caused to relax with a completeness 
that causes the valves of the oyster to gape wide. Although such a 
state may be maintained as long as is desirable for the removal of 
the meats, the condition may be reversed by replacing the acid 
medium with :fresh sea water in which the oyster returns to normal 
activity. It is quite certain that, although the oysters gape and 
exhibit complete inactivity, the meats are alive and uninjured. 
In such a state oyster meats can be easily and quickly removed 
from the shells with no tearing of the mantle or muscle. The flavor 
of the meats is in no way impaired. Furthermore, the concentra-
tions of reagents used are known to inhibit bacterial growth. The 
oysters are exposed to an antiseptic medium not only during the 
passive stage of narcosis but during the more or less extreme activity 
of the inductii:m stage of the process so that the tissues are thor-
oughly bathed in the antiseptic medium. 
These facts indicate that the stimulation of oysters result~ng in 
their narcotization may be of importance to the oyster industry. 
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